The changes of temperature during the menstrual cycle in women constitute a fundamental problem which has interested investigators for more than a century. An early worker in this field was von Fricke,8 who made a study of axillary, vaginal, and uterine temperatures. His observations were made eight days before the menses, four days before, and during the period. A few readings were made during and after pregnancy. He concluded that the vagina has a higher temperature than either the axilla or the uterus, and that menstruation and gestation have no influence upon the temperature. However, daily observations were not made throughout the cycle.
ture before the menstrual flow or during it, a lower level during catamenia, and a rise following the cessation of the period. Furthermore, an increase of temperature during pregnancy was observed. The increase of temperature in gestation and the decrease in temperature during menstruation was not in accordance with the ideas of von Fricke.
A study of a 28-year-old healthy woman with regular menstrual periods was reported by RabUteau"8 in 1 870 . He stated that a drop in temperature occurred two days before menstruation and disappeared several days after the cessation of the flow. The vaginal temperature during menstruation was half a degree lower than at other times, the urine diminished more than 20 per cent, and the pulse slowed (52-72), varying 28 per cent. He further found that during the first five or six days following menstruation and for a day or two before its return women eliminated carbonic acid at much the same level as is found in males, but during the menstrual period it was notably less. He thought that the blood had less oxygenating power because of the hemorrhage. He tested the amount of urea excreted by the kidneys and found a fall in the daily amount just before menstruation, the quantity rising again in the intermenstrual period.
A study of oral, axillary, vaginal, and rectal temperatures, pulse, excretion of urea, and the amount of arterial tension during the menstrual cycles was made by Mary Putnam Jacobi"2 on six women over a period of two to three months. She confirmed the temperature rise before menstruation and the fall during the flow to a level which was lower than that of the intermenstrual period. In regard to urea, the quantity increased during the few days preceding menstruation, decreased during the period, and was at its minimum just afterward. The pulse showed no uniform rate of variation. There was an increasing rise and fall of arterial tension paralleling the temperature changes.
Goodman's investigations"1 included vaginal, uterine, and axillary temperatures. He found "almost always an appreciable alteration of the temperature of the uterus and vagina as compared with that of the body as indicated in the axilla at the menstrual periods. In the majority there was a relative elevation of temperature of these organs, in the early stages of menstruation, but in no instance did the maximum during menstruation exceed that of the intermenstrual period more than one-half degree Fahrenheit. In some, the relative temperature would fall at one period and rise at another from causes of which I could take no cognizance; and in others it would be uniformly depressed at the menstrual periods, the depression usually manifesting itself several days beforehand."
Stephenson26 noted in his study of temperature during the menstrual cycle that menstruation does not correspond with the height of the rise from the mid-period or with the apex of the wave, but occurs five or six days later. In a study of temperature, pulse, and urea excretion Ott'7 to add to the observations of previous workers on temperature, pulse, and blood pressure, a study of muscular strength in 16 women for 20 periods. The pulmonary capacity and the extent of the pulmonary excursion were observed in 19 women for 19 periods. The reaction time as shown by the kneejerk was recorded for.four women during four cycles. He found that there was an augmentation before the beginning of menses and that this diminished immediately before or at the onset of menstruation. A curve expressing the average of all his observations showed the premenstrual rise, the fall before catamenia, and the decreased level during menstruation.
Giles9 reviewed the work on temperature in the menstrual cycle reported by Jacobi and Reinl ( Fig. 1, A and B) . His chart was a composite one based on a study of 12 menstrual periods by Jacobi and 17 cycles by Reinl. The curves were smoothed, but the two were similar. The third graph (Fig. 1, C) from the current research, representing one cycle, manifests greater irregularity, but contains comparable elements. The daily fluctuations are apparent when cycles are not averaged. Oral temperature records were made by Giles for 45 women covering 50 menstrual periods. The tem-.perature was taken in the morning and evening. The composite curve obtained showed a low temperature level at the intermenstrual period, after which it gradually rose attaining its maximum two days before menstruation. There was a sudden fall on the day preceding the flow, with a second slighter drop at the end of the period. The temperature rose slightly for the first week after the cessation of menstruation, and there was a third fall at the beginning of the intermenstrual period. Giles also made observations on the blood pressure and confirmed the results of other investigators.
A master-curve, formed by the average of temperature, pulse, muscle strength, and blood pressure, which follows the method used by von Ott was shown by Mandl and BUrger.14 The curve obtained showed the usual picture. Of the four components, the blood-pressure curve was the most clearly marked.
Th. van de Velde28 made a study of axillary temperature in women, the number not stated. The typical curve showed a premenstrual rise maintained for a short time, then a fall before the onset of menstruation, and a continued drop during and after menstruation to reach the lowest point about ten days after cessation. He regarded the fall in the temperature as the actual cause of menstruation. He says, "it seems to me without doubt that an inner association exists between the two facts-the beginning of the lowering of the curve and the appearance of the menstrual bleeding-an association indeed in the relationship of cause and effect."* The temperature drop, he said, parallels the lowering of other vital phenomena and is associated with the capillary dilatation which leads to the bleeding. This dilatation is a general phenomenon and leads to bleeding in the uterus only because of its vascular supply and the anatomical structure of the uterine mucosa. To cause bleeding, he argued, the temperature must not only fall, but it must first rise to a critical height and then fall. Hence, menstruation will be delayed until the temperature reaches a critical height and then falls. He found that in a profuse bleeding, there is often a small secondary rise in temperature. In two cases studied during the menopause, no cyclic temperature changes and no bleeding occurred. The graph (Fig. 2, A) Mittelschmerz. PA$r A/O0VWSE In a later publication29 he admitted his error in thinking that temperature causes menstruation and said that "the sudden rise in body temperature does not only herald the functional activity of the corpus luteum (follicular rupture, ovulation) but is caused by this function. Summit or maximum temperature and decline are similarly dominated by the efflorescence and dispersion of the corpus luteum." During pregnancy, the monthly cyclic changes disappeared. The temperature remained high for the first six months and then dropped to a lower level.
Temperature records on patients with mild tuberculosis, syphilis, gonorrhea, diseases of the stomach and brain, and cases of heart fail-ure were made by Oster."6 He found that the high point always occurred a few days before menses and a low point several days after the conclusion of the menstruation. In four cases he found, first, a premenstrual increase; second, a fall before menses; third, an increase at the end of menses and a few days after; and fourth, a dedine.
A double wave rhythm was postulated by Flaskamp.7 He discussed a dual rhythm, a double wave rhythm occurring during a day, and again one wave rhythm in a menstrual cycle. The daily rhythm showed a maximum between 5 and 8 P. M., and a minimum between 2 and 6 A. M.; a rise from 6 A. M. to noon; from 12 to 2 a fall; the secondary rise from 2 to 6 P. M.; and a second fall up to 6 A. M. The menstrual cycle showed the crest of the wave before menstruation and a decline after menses. The second rise occurred during the second week after menses up to the 14th day, and the beginning of the second wave decline was probably from the 14th day. The first rise coincided with the time of follicle ripening. After the rupture of the follicle, there was a decrease in temperature. The second rise in temperature was caused by the functioning of the corpus luteum. He concluded that, "While up to now investigators have only proven a premenstrual temperature rise, I believe I have proved another temperature rise at the time of the ripening of the egg." It is probable that Flaskamp was not acquainted with the work of Giles and of Oster, who were among the first to mention this wave.
Fourteen of 17 cases studied by Irma Jacoby"3 failed to show cyclic changes in temperature. No case histories were given, merely a statement that all the women were healthy. She failed to confirm the intermenstrual rise mentioned by Flaskamp.
The temperatures of a woman and of her husband were studied by Harvey and Crockett." The readings were made daily at 7 A. M. for 106 consecutive days. Their results showed a consistent regularity in the curves for the woman. The menstrual flow began while the temperature was dropping. After reaching its lowest point a few days after the cessation of the flow, the curve rose to a peak and once more dropped to a low level through the menstrual period. The temperature curve of the husband did not exhibit the significantly consistent wave-like fluctuations of the wife. This study is interesting from a methodological standpoint, since these observers introduced refinements in the statistical treatment of their data that had not been used in previous studies. They constructed a composite curve for all the cydes studied and then determined an equation most appropriate to the coordinates of the mean temperatures in the composite cycle. They pointed out the advantage of this method in revealing individual differences in temperature changes.
The various factors affecting the menstrual cycle of women were reviewed by Seward (1934) , who also presented a short review of the work done on the menstrual cycle. No new data were added in regard to temperature.
On the basis of a study of cyclic temperature changes and vaginal smears, Rubenstein20 and Rubenstein and Lindsley23 related the low level in the cycle following menstruation to the ovulative smear, which occurred approximately on the 14th day of a 28-day cycle. Rubenstein stated that temperature changes were unrelated to the body metabolism, blood pressure, and pulse rate. Later, in making a more extensive study of temperature and metabolism he2" concluded that the two paralleled each other.
At the conference on Contraceptive Research and Clinical Practice held in 1936, Hannah Stone reported27 that she found that rectal and vaginal temperature differed 0.2 of a degree. She confirmed the cyclic changes and observed that the low level temperature might be correlated with ovulation.
Twenty pregnancies were planned on the basis of the low lev.el in the temperature cycle by Zuck.30 There was exposure at the time of the lowest temperature and in "no case did pregnancy occur more than three days before or one day beyond the initial rise in temperature from the mid-period low level." In other words, it occurred between 10 and 20 days after the onset of menses. After pregnancy the temperature remained high. He felt that this might be indicative of pregnancy earlier than any other diagnostic sign. The cyclic changes disappeared in pregnancy except in those few women who menstruate or ovulate after pregnancy starts.
Rectal temperatures were taken every 4 hours in connection with the electric record of ovulation by Burr, Musselman, Barton, and Kelly. There was a rise to 1000 about 6 hours before ovulation occurred. The height was maintained until 6 hours after the significant electric peak, when the temperature began to fall gradually. Twelve hours after ovulation the temperature had dropped to 99°. Early morning temperatures on the two succeeding days would not have shown any reliable difference.
Thus, after more than a century, was established the fact that the temperature cycle of the menstrual period included, first, a pre-menstrual rise; second, a decline 2 to 6 days before the onset of the flow or even during it; third, a temperature level maintained during the bleeding; fourth, a slight decline, sometimes occurring at the cessation of the period which, when present, was followed by a small rise and a third decline at the beginning of the intermenstrual period. The same cydic phenomena were manifest in oral, axillary, rectal, vaginal, and uterine temperatures. It was also established during the last half of the century that in the menstrual cycle there occurred cydic temperature changes which were absent in gestation and in menopause.
Experimental
Basal body temperature and electric potentials were studied on a group of 14 women for 72 menstrual cycles. Daily rectal temperatures were taken in the morning before arising. The Burr-LaneNims microvoltmeter was used in making electric observations from the finger-tips. Five readings were recorded daily and averaged. A total of 200,000 electric determinations comprises the data for this research. Any unusual value was thoroughly checked for finger lesions, hang-nails, etc.
In order that the menstrual periods would be of a comparable length all cycles were reduced to decils, and plotted in reverse order according to the method introduced by Ogino. The average length of the menstrual period for this group of women was 30 days, therefore, each decil represented 3 days. The longest cycle comprised 49 days and the shortest, 19 days. The maximum number of cydes studied for any individual was 10, the minimum 2, and the average, 5.
A statistical analysis of the electric data made by the quartile method gave the median and the central tendency which was a measure representing the extent of daily fluctuations. Vasomotor disturbances, temperature, and humidity may be factors in daily variations, but these were all within the limits of the central tendency. Values outside the central tendency to a reliable figure were considered significant. Recent experimental work indicated an increase in electric potential at the time of ovulation. If this be true, the significant peaks which were outside the daily range may be considered as correlated with ovulation. In analyzing the records to ascertain the median and the central tendency, the entire electric record was used for each individual rather than the fewer cycles in which both temperature and electric potentials were taken. This method showed greater reliability because of the larger number of electric determinations involved. However, no reliable difference was found between the central tendency for the entire record and that for the fewer cycles in which both temperature and potentials E A 1 were studied.
. Rectal temperature and electric 6 ll potentials were plotted for three a e 1 A consecutive menstrual cycles (Fig.  : 3) from the daily record of a 21-~. Daily rectal temperature and electric potentials (Fig. 4) in a sterility case were studied for 10 menstrual cycles. A statistical analysis of the electric record revealed a median of 2.12 mv. positive to the right and a central tendency of 7 mv. positive to the right to 3 mv. positive to the left. The central tendency was like the one discussed above, but no values occurred outside of it. This woman had been married for 15 during the cycle. Although the temperature of these scarcely overlapped, each of these master-curves showed the general tendencies noted in the grand-master-curve. Second, there were variations in the general pattern of the curve which did not destroy its general tendencies. For instance, there was a secondary rise after the usual "deep low," as in "F," or a series of rises after the first "deep low" as shown in "E." Also shown in "E" was a very marked rise in the 3rd decil. The usual decline in temperature just before the onset of menstruation was not shown in "C," "H," and "I." However, in these cases, the fall in temperature occurred during menstruation.
The general pattern of the temperature curve varied for individuals. First, a secondary rise or a series of rises may follow the "deep low." Second, the ascent to the greatest height of the cycle may be sudden, involving but a decil. Third, the drop in (Fig. 8) . Thirteen peaks, or 24 per cent, were grouped in the 5th decil, or 15 days before the subsequent period. At this time the temperature was slowly but steadily rising. The other peaks were distributed throughout the cycle without grouping in any other decil. Peaks occurred at the time of the "deep low" in the 8th decil, 24 days before the expected period, but the number was not significantly different from any decil except the 5th. There was no predominance of unusual values at the time of the "deep low" in the 8th decil. Significant peaks occurred most fre-quently in the 5th decil, but were distributed throughout the cycle, even during menstruation, and no decil was devoid of them. There was no definite relationship . .s f 8 between any one tempera-X ture "low level" and the X greatest frequency for significant peaks.
J
The cyclic temperature phenomena occurred regardless of the appearance of significant peaks (Fig. 9) . This graph shows the temperature curve of "A" to contain the essential changesthat were found in the 5 grand-master as well as those exhibited in the mas-, ter-curves for "C" and "D." Thus, in two instances, one a sterility case of 15 years' duration, the other a probable sterility case, the temperature cycles showed the same tendencies as do those cases which show 89 per cent of their cycles with significant peaks. The presence or absence of unusual values was independent of the cyclic changes in these cases.
There was no definite relationship between any one temperature "low" level and the greatest frequency for significant peaks. The "deep low" in the cycle occurred at the 8th decil, whereas the greatest frequency for significant peaks was at the 5th decil, 15 days before the expected period. At this mid-period in the cycle the temperature was slowly and gradually rising. Moreover, significant peaks may occur at the "deep low" in the 8th decil of the cycle and even during menses itself.
Cyclic changes in temperature occurred in a case of-sterility and in a probable sterility case. The cyclic changes were like those in the grand-master of temperatures. This was convincing evidence, based on 2 cases, that cyclic temperature changes occurred in the absence of unusual values. If cyclic temperature changes occurred independently of the presence or absence of significant peaks, the peaks themselves were probably not to be associated with the temperature curve.
There is evidence from the case described by Burr, Musselman, Barton, and Kelly that ovulation may be associated with a transient temperature rise. As a method of determining ovulation, it cannot be relied upon until there is additional confirmation. However, a second case did use a marked temperature rise as a basis for the determination of possible conception time. The electric record for this individual showed a significant peak 10 days before the expected menstrual period in the 3rd decil (Fig. 1 1) . The day previous and the following day, the E.M.F.'s were zero. On the day preceding the occurrence of the unusual value, the temperature suddenly rose to 99.60 from the 98.50 of the day before. The next day the temperature fell to 98.00. Two months later the woman noted another 517 sharp temperature rise to 99.60 from 98.50. Two months later the woman noted a similar temperature rise to 99.60 from the 98.50 of the preceding day. There was coitus resulted in pregnancy. Similar temperature rises were not noted in the study of 34 women in 15 8 menstrual cycles. Without additional confirmation it seemed that this was a fortuitous circumstance.
Records of temperature and electric determinations were taken during the course of 2 pregnancies. The first pregnancy record is divided into 33-day intervals, which represent the average length of a menstrual cycle for this individual (Fig. 12) The second pregnancy record with temperature and electric readings included 6. intervals (Fig. 14) The grand-master (Fig. 16 ) of two temperature records during pregnancy, plotted in reverse order in decils, showed an average range from 98.40 to 98.70, whereas the averaged range in the menstrual cycle was from 98.00 to 98.70. The. temperature in pregnancy was like that found in the latter part of the menstrual cycle during the so-called lutein phase. The grand-master-curve failed to show the definite cyclic tendencies which are evident in the menstrual cycle. The electric record showed no reliable difference between the medians and central tendencies for the two pregnancies.
Discussion
The cyclic temperature findings in the present investigation showed a smoothed grand-master-curve manifesting a low during menstruation, followed by a further decline 3 days later. This was the lowest level of the temperature cycle, and continued for about 3 days. The temperature then regained its former level. This general portion of the temperature cycle was called the "low level." A gradual rise occurred extending over a period of 12 days. The height of the rise was maintained for 3 days, when a decline occurred before the onset of the expected period.
The master-curves for some individuals showed evidences of secondary waves. This was a confirmation of Stephenson's observation, although these evidences of secondary waves were not found with uniformity and frequency in the present investigation.
In the current study, the lowest level of temperature occurred approximately 10 days after the onset of menstruation, and 3 to 6 days before the middle of the cycle. At the time of the "deep low" of the temperature cycle, 6 per cent of the cases showed the occurrence of significant peaks. Van de Velde observed Mittelschmerz at the time of the "low level" of the temperature cycle 7 days after the cessation of the flow. He considered Mittelschmerz an indication of ovulation time. The lowest temperature level found in the present experiment corresponded closely to the low level mentioned by van de Velde. Thus there were two lines of evidence, the occurrence of significant peaks in the current research, and the manifestation of the Mittelschmerz of van de Velde, suggesting that ovulation may occur at this time. It is to be noted, however, that the present investigation does not limit the occurrence of significant peaks to the "deep low" of the temperature cycle.
In the present study, the general low level of the temperature cycle occurred before the middle of the period. Rubenstein related the low level in the temperature cycle to the occurrence of the ovulative smear about the 14th day of a 28-day cyde. Yet in the current problem, significant peaks occurred throughout the cycle.
In investigations to determine the fertile period of women desir-ing pregnancy, Zuck considered ovulation to occur only during the "low level" in the temperature cyde or just following it at the very beginning of the initial rise in temperature, which was between 10 and 20 days after the onset of menses. In the present investigation it is shown that the greatest frequency of significant peaks was just at the beginning of the premenstrual rise. Therefore, it seems that there is evidence from the planned pregnancies of Zuck that ovulation did occur at the beginning of the premenstrual rise of the temperature which occurred at the mid-period of the cycle. However, the present research did not confine the occurrence of significant peaks to the mid-period.
In the present study of one planned pregnancy, gestation resulted from exposure to pregnancy on the 13th day from the expected menses, or 20 days after the onset of the preceding period. This represented the extreme limit of the possible time of impregnation according to Zuck. In the current investigation, it is to be noted that significant peaks occurred at the time of the "deep low" in the temperature cycle. Significant peaks also occurred during the general low level of the temperature cycle before the appearance of the premenstrual wave. It can further be stated that there was a marked grouping about the mid-period of the cycle when the temperature was beginning to rise. Nevertheless, significant peaks occurred in every decil of the menstrual cycle even during catamenia. There was no decil devoid of the appearance of significant peaks, thus there was no one phase of the temperature cycle alone correlated with their appearance. Moreover, cyclic temperature changes occurred in a probable sterility case and in an actual one. Therefore, it appeared that cyclic temperature changes are not necessarily associated with the appearance of significant peaks or with ovulation.
In the present study of pregnancy, it was seen that in the early months the temperature remained at the height attained in the premenstrual rise of the menstrual cycle. Further weight was given to this finding by Squire, who reported that the temperature increased in pregnancy to the height found in a non-pregnant woman before the onset of menstruation. Moreover, both van de Velde and Zuck reported the same temperature increase.
In the present study the records were not complete to the end of gestation, thus it was impossible to confirm the evidence of van de Velde that a temperature drop occurred in the later months.
Moreover, in pregnancy, there was an absence of cyclic temperature changes. The gestation studies by van de Velde and by Zuck also failed to show these changes. Zuck added the notation, however, "except in those who ovulate or menstruate throughout pregnancy."
In this study, one planned pregnancy showed the temperature to remain high during the time of the expected menstruation. Although this was but one case, it confirmed the observations of Zuck, who not only stated that the temperature remained high but that the absence of a drop can be regarded as an early diagnosis of pregnancy. However, in the present study of 14 women, 3 failed to show a drop in temperature until menstruation started. It seems necessary, then, to know whether the normal temperature cycle for an individual shows a drop before menstruation before applying this as a diagnostic method.
There may seem to be contradictory evidence in the report of a transient temperature rise at the time of ovulation as reported by Burr, Musselman, Barton, and Kelly. However, this rise was transitory. It 2. The greatest number of significant peaks occurred at the fifth decil or at the mid-period of the cycle, which was at the beginning of the premenstrual temperature wave.
3. In a case of probable sterility and in one case of actual sterility, cyclic changes in temperature were present, but ovulation was probably not present and there was an absence of significant peaks. 4 . In pregnancy, the temperature remained at the level found in the lutein phase of the menstrual cycle.
5. During gestation there was an absence of the cyclic tendencies seen in the menstrual cycle.
